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g"L4;.°i^'^- ^aS(amorphous silicon) av9{- agoj ^afoiggg, 51 ^E1=?J bliLHS^n{s>«S 

1 asAig, 01 s«§ mi{i Bfla alSioi »fe so"^ ° 

(HH§:'lsl 

EaH^S5«5^JLfJ^^.S^.%^L°t=2l; .f aum^m MOSCMetal Oxide Semiconductor) 

oiEf= gii ooim. oiM Mos g?H7:i^Ei2j §§d □b^o^^;'^ isE|£l^E|sl5 5 liA^nf I 

3«0|gr qix-l|5^2S^ ^ISSBdllAi 2f 0.5Am2J S0IDTO2J SgS^eiPlffl LSI rmmi^t ijIt:'?! 

m)^E. esfEis ^^oiQ. 0! i^soii sxBSte i§i*Fs ^■ei5i^sh5,5ii^f i?>«|iV^ 

gioii 2J0IAI B«.2i iMim sasm £e^ ison S^si aioi l^sT^iEhEroiriJfil 
sr^gftHHi 2j5ii 2g olgs^ol, aisIs^i 14 liiil oii E^gi^sraVi^'^^^ 

0R;^f!21LK 01 JHAISh^ -71 SAIIAKW^ Aie/gaTofEH^f^' Aioi ^^faQ 3 oh^ 

•s'^)Oj| SIHotS Oil S& 1*^21 2§0il CHS^01S, 0}^^ ^tm<=!7\M§ S£5 ^ UH 

tlB. ^7HS5-2644682 gaOil^ iI!2AHilliS(HIA1£J y|J25j S^OI ^"aAl^li^ mS2J Hl12i 

A^o^o), iAfihsj II3A^ laiig as lh¥°j itfoii 2Jt^d^s.^^e i^s. iTahiS Al(°rah5ii^'i«t 

301 X1I22J ^E^os t!5h7| U||si(LH^iSE?2J gk^li ?|SKfl au^^ m^>ei 

iJi:37l UHSOII 4"ei57!52J igauvg^oj AjiHS^Ig 2il|S 51= 7^1™, "^gVT alf 



?eOilS 01 Xfl2°| irP§2J WorSiA? lifllH^tWAT siisfil^aioii tHl^ 7i1b^^^^^ 
s7Hg2-5)540l)ilS lf^2Hg2J gg^^SJ iri3A|-M(B|°t, ES Uiaaj SfS SgW S)21 SIS cci^ n^^H 

^ sgmi ^srs oim°j ^§sk n h^isj sgb goiswi at^ sTs #*^aA^§*l5^^ ^imSoi 
a 01 m\= iii2Anoii [Hsra as ^imm fm Tm^^MmsmM^^kmiw^Sma 



— 



^oril1x«^7?'&'6ilt,\??.' ^^^^^^ ^^"o ^^"^^^^ i€?2r36i«i«Yqi*h 

S2i SSI t«5h7i iSAig^riisia. agk^2i oTfs§i I^a ei'^y?^ aS»=|f 
340884s_sao^l_^^37l2^ gggg oiDi as i^iQisIi%5g45ir^}3^^2or sl^ 

5-3329132 SfiOilS ^S7IB&^0|| SWSg ^io^0^ SAftt 201 2{-2f 7TxfaOI 20 ziau Aisll 

i%l^i#o^P4«£^^||^^An^2^ m^^Q soroii sWti iSl^aiS^i^^^ isSe 

[^^S2| 7HAI1 

O^^hOIS HHatlO) 2{A| St^ A|gUI¥2J Oil ttS Stfal^lofa^'sj JslSriAfb] 

AIM SS ig^'S(l«OI4f) SEOISQ. [QEFA1, LSI isj aSS^^r^^Q^ SaasoiffllL n t;™ 

l*»¥l'| isjcP'"^ ^= ^ ai: LSI sifSiofeini^ 

l?. y^^iW^ ^mt^o\, cmmi^ »i5=sA'fllbiiAi2i gi^as 
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^ J,Ml(fl.^^^!L^°'- LH^§t.^2J SOI^jftf mSofl 2»lle 

°J i^^OI OI^S ^fE7^ 50» OflAI 120' 2J mm SIEs hh^IS ^11 ^S*tQ 01 ^i:IM^ A^s 

eras oiisF^ 23^ ol=i^g lil oii^aoiEtM Id. -^^-"^1-1 ^ 

3421 Oils 1E|>:1?!! &/Lhg}XW|so| 0.5AmO|5fe! aWSAI Iv /7h > Oi-^SoiDlgf Im 

aoi bF&2|SO. AISS3(HI CHg,^ ^^StIU dl^sl^ SA^fe fS. ^ 

^A^5^ogA^ A|gLH^(HiA|2J ij-i|#0| AIMS mm[y\ flll2| iri-&°J "a'ah 3fs AIS 

i?2t:J|S 2gaQ. uHfDhQ°J ggAjsoilAI OiS ZJH2J dS&EUll OI^^S :'>^4^A^^^^ 

-1—4 Alls-i S -r^rLI-. 

M 2joH liUfoi ZJH2J zxmm AIS gi&^oh ^^^^ol^^A^1^aEElD^ AmewT ea?§KS 

S2| ^'01 -CHI iAFEIES KgGhQ A|g2| 2Am«g f A^&^fol 'UE3r6j#uA 

i2^l%SfS'^S,ITa."- ^^^^^^^^^^^^^^^ 

^MELIEiU Qr^eaLIEIOilAISJ □:^.MA^5^2^ Awi ofoi Q^'-oT^^^ OiSSer^'lP 
01IA1E §S0l 7[^t\H. LH^ltf?1l^(HIA1fe LSI Xll^gsT^'ei^ ^lilj fcfflf^^W^m 

sio, 0I2I5I Afgsra awTJims- =?ma5. sd. oiis ss. si son 
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gKil dlgJ^fgalril'oilP^-^^^^' 1SM-Hlia»^5l sJlilra^^of^ia 1% 

□ajAi LH^itfg 79^m^ stm ^Sr'-s ssaissai axnsf aiioi aTjasf '='¥01 

f awiAi CH§.» 2oie ssa s^ig sioja t\u qifl skAii^^ VsSjdI^^ A S 

4?.?l^^.lMFE'o.SiS'«ia^ swegf oilaxi^ Di^S 1gl%° « J^fcF 

^j^ja. i5AigsAi DHs 3oi7f cm imm 2ig asfsras 

fXIl 2Aht.HQ. OIS^S ^2J 2fiF glass if 2iCT>M# i£l§^^^ 

I'll lliSTW^oilf lllllcK^**^ ^^^^ tssa^itf^El^ 

fM ^^^^•s^MPS^.^i^^ f"--^ IA^^■'2|''A7e5^w AT^ s^^^ ziSl- 

aiOITa^SSAI ^SsfQ. 2;H2| ESDI SAIohS Uh£f &0| 5AKX-ill) °-' ^m(M2)^^m(3 

oi;?u?ii SQ. asDissi S02J (ei s -e&ri ^^5,lr^#^°J°i°| cJ-^ii 

S =?^A-lg UEfUjCKn^ ^EI59J|0liH2| ggf xS 1 ^4 2), 
exi=l80<' -an:sin[sln(180o -exs)/nl (-^sis' 1) 



COsSJ sl3:n=I.0tHIAI 4'eiE LH^2| gsHOilAlHJ i+2^2^ES 164.5S:7f ElOl CH¥¥ as Ahaf^hg 
3^o^S SQ. [OefAl, Aie3E34^°| ga2h A|gLH^°l gfig 232|E°J^'^-<M Ijh? "<^s 

"ffM-^^>'™^I^ llP2t)g oi|W2j awxiiiF ui-4c5 flid4hari3E2rxr4EoiriS 

ru' f^:.7UI'. =-fJ^S^ ^0\LHO\ 7)|Aeg$|LH01IA12J 1.010ID1 ImiilS 1.570i 
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(iv)2[ sts^h ss(ih)2f|j DiMd^i.^ Efs^q ihghs^^s nomVm 
^.r-o... ....v=^.. ^ . ... ^^^^ 2jtf 




0 

o 

^t[7i uasofl, §a2i sTfloii g?4di asi'sr^~abr.Hfesi"o'hcr 

^^"o.^Si-^lfLJ- ~ '^'^ '^'-^ 2J5S2h ^ISEOl LEaHi lv S ^'aISLH^^^^^^ 
§01 0|i _ _ 





=_^fm',f^3iAiE, D^2.^7^A|2| A^a^^^E*p^ iziQ. [[ffw? is^i' fli6E(Hi lIRh^ 1^^^^ 

g fll2E2J ift|71l2J go2F &G| SgZfEM ^gSf^fiN^. iS^^SJ oliS LHiltTl ^^^^^ 

2f wm n sfEHioii agtfss^ ass 5AHiji2h IoiIh^^^V^q 

I ||ioi^3.59(Eh§ 1064 nriHiAisj a)s s is^siesfsVaTDls'i'ws s sgoii sae 

25 XmiE. a ail3EM OlgSKS ^S&Q. AISM^Sj i§^0llA12^ lli . 

r = A,/2xk • (4^4^ 2) 

^ /f'?7^''^^' "^z^^'^^'. f^lSWIAl SARI eS PSOB aAJ*H l^gfE^ IS!OilAI°l gOI Z°J SCHIAJ^ 
S!OI SAR eS SAtehOl, n 2.MmO\ AISLH^SI gtfOB 2|S1| A|S5SS4fSS if&a SJh OJE S 
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s s^sls ta, ggssoiAi aoi zsi *i*iofl si^ sikhiai ifin^sE s& .oiai2f aoi uaa * 

S= I o expl-(2Z/r)(Kt/-(cos(arcsin(slne/n))>)] - (4=^ 3) 

2| II, 12, ^SaS i^^M^i^£# 2|2f St, S2, BS^s ol, o2£Hl SFS Olf^2|^oi 

51 = II ol expf-CZZ/rDd^lZ-tcosCarcsinCsine/nl))})] - -(^^^^ 4) 

52 = 12 o2 exp(-(2Z/r2)(l+l/{cos(arcsln(slne/r^))»] -(^^ 5) 

Z = CI lnlC2(Sl/S2)(o2/ol)l- -(^^^il 6) 

C2^ S-xI §4^21- Aieej mi §4^S OI^OITJIl, 01^21 ^HS SSJ^QK 
CI = l/[(2/r2)(WMcos(arcsin(sine/n2))}) 

- (2/rl)(l + Hcos(arcsln(sine/nl))» - (^^ 7) 
C2 = 12 / II - (^^A! 8) 

B ?XD\M ^t^Bj soi?ixig :?§h:?i ^mB\^ °in n^ig ^^-^r:?^ siQ. m ^ 
o\M Aisi ^im^ uFs^ >u,2j ^ rioi B ^l2^ A^§5^^ sAnrsi n a 

^0| Lj'EI'^ 4 ^Cf. 

0 I = SI / II- -(^^ 9) 

s£i^ 01 g^^ ni. °*h:hs ^S3 ci^ c|.§2f &oi aa. 

Cl = l/[(2/r2)(Ul/'(cos(arcsin(slne/n2))>)]-(^^ 10) 

01 SFir ^im^ ^Sl^ m^Xl^y. rl> r27^ ^^mn, 201 rawi SiOiAl Ehg- 

□^s:^^7:ls, w looi 7ji=^?ioiiAi ^nt^Q. aiie ms. nfsoi 

7mo[^ Mie c^^^Cl|e'^(}^I °]$H 4 2iQ. ^ ^^^oil °iOIA1^ ^"-I^l^t- ^IISF ^01 SiO. ^ 

1^451 a7:rame ^9 AISQil g4EI~ KhS^ X2£| I'Qil ^ti-.OiSI S^SSil^^ 




_ _ _ ^l^'^'' 

532nmOi|Ai2i ^EI^2J 0- 4.15/^^11 l<= 0.0442f ilfS 1064 ninQl[A1^ ^£1^'°]" iil"n=' 3.56! 

±±\^ k- 0.0G22M AhgdICtt, E^S2J ^AHI- g-JESJ 3ilM]l^ ^S^S^ 20l^l:j^l£f2J ^nm UEF 

^01 JiinSOlCK 01 ESOHvM^ EFS- 48Shm2J LIEKHSiQ. 01 iI^§01IA12| ^El^Si ^11^ 
4.367. liiilS k= O.OTgOICF. 

im^m ;«;iinEl}ilA1 2^ S32nmS\ L^^^^^^^S, S22F afS^ 1064nm2J S12^2j b| S2/SI# 

UEf^jCK 017IAi^ aa^^^QilAiej U\m is 5f-:Q S^Q. E^S- 488nin2j •M2M>^i>^£ Km 1064nm2J Ah 
^l^i^^^SE S12F2I HI S3/SIE UEMU 2iQ. 4'EI50il CH5fO| I064nro2j Eil0|7^1^2h 

532nriej aiOI75ia-# miS ^Ah^Ol S.AYt^ S^Oil SOIXI^ i+Srir&ESI iTsIh^SJ g20:?F ?;ill3 
SOICK 0|?;!l)ilA1 S2/S1# Xfl12£2J ^^71IM Olg§W S2/S10IIA1 aOl^lXIg =?-V ^ 2iQ. 




"l^^'- 0.05521 =)ffl O.lAinQilAiSI 1?4^#& lOXOjH, g TH^SOIj CH^^ St^^ ^Al 

i:i^S2iijA^.£(_so| ^1S°| 2^3. n = 4,4(Iif^^ 532nm)£F n = 3.59(KFS^ 1064 nin)OIJl, ^i|#2J 

k- CSSdlhS- 532nm)2^ k = 0.048(11^^^ 1064 nm)0|CK CCfEhAI, Oh25iti A.^ie|sogo| §io-^o|^ 
3.5Am(uk:t 1064nm), 0.1>^ni(nhS^ 532 nm)7F ^IQK ?ij § S Aj §7:1 Oil 0I§£|~ M^HAI^EIBj OhSMiii 
rTii^J^i^.v.^^.l^.^:^^'" 013^1°^ irf& 1064 nnei ^'2J i^±|^ 01 ^1 OILHOIIAI^ ^A|^- 4^ SiCK 
[[|EUi, Ig^El^SJ SOI KF§ 1064nm°| if&lf&EOjl 2i5flA| aXKIM# 1§§HI, ti^ 

£1- ^01 iim 1054nin2F ^4£IS iE^§ (fflM MS BSainfifSJ i^araS-Eblg^EI 4^^ 61 0|g§fO| 301 
9l7:!l ^S^*- 4 2iQ. 

E. xMgej Oil Es gt.^2j soi^ixiM ir^soIe^2| m$ii^£s m^m^ ^'mm sioiAis, 

Aiggsj oig E^ it^oii 2jt^ ^^^mj} m^m. oig°j a^d^&irg ais^j 5^A^ol 

^'So^£ «I12J mi7\\9} «|22J l^tffllM ^mO\ MSSl S «16£0il EAiEl^ ec2J g^Oil 
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aJ^L^IF^^"^ SS*° ~ oiM ^gxioiiAi ore aym me 

^^|.^0|S(Ann. Phys. 331253(1908) «|377II0IA|~ MA «iBOI?a)(HI 2|7|SHH. DiaTJHHI 2J*h ?hAha»2» 
LH^OII gIBShS A|«D|3g DIEI AH3l=S2j Oim S.^ 3tf2| «4^2f iflfg ^so, f ^o^a^i^ 

31 if^i^;..^SfJL^^ '^sw ^^^sT fie fisra ii a5tVi*^l^ 
aioittisi go. LH^gtfs ?^oiJi Mmo\ sio^m ^Ssm Mli^soiiJy h^im i^§s^J|ol a 

&5p, LSI «2E0| Afgan Si^ CH^gSJ ^EI=lg7IBS cz SOIEHl ISSI^^HOS d« 

CHXIil, 01 IfSsfA^EHSJ Ahig *i-°3H2 [ffl^Ofl LSIl [ffl°J gSami sjfi 

7iinH^oii sio.. S7:^7^ ^gsra lh^i^^m aSioia l^sio^ axhij gfwSs 7,^ 
I'Hwi [[^E^ «g^Ei sio,oi2i°j Emmm AH5^□l a:'iM ^sf^ is^s^i-ES. 

S2h a^stoi 01;= 2DIU =SAie2h S^t^ ^HgS SS^is^lll :?^aQ 3 (uVoil S^Aieoi ni 

±it iB@2i A^olZ2^ ai^j mtisi A^olM:?^ StiVsk^TkiQ a as/^a^e 

HlJfl57l#l Afgsm 2i7| IDIgWI, D|±*f 1*^2J AfOI^2f mSSOISJ 3ijS S flIOfSOl ^^^nJ. 

S S-SWI 2|*f A|eJE34^2J OIS01IA12I AhahEfggoj 
Jc|l2E^ g ITS Oil 2itf AieLH^2l g^^0||A^2^ Afafi^ggoj gg£. 

Xil5E^ ^Am^ Um t^m^Ui B^^SJ 2J^-gM LE^tf 

S^^-^cM?o7^.Sr^Fr-^-^^^™^ cr&x-iiM S7is2i gj;^rai o.SAme! lei^^sai st^f^ nm onsi oi 

Mere BS^Sj <l^^^^^£ S^S^M UEFtf ESOICK 

X1I8£^ ^a^LH^SJ -^t^Oil 2Jt^ c.^SM^2^ LH^ei-A^ S^Ah^SJ E]A^^'•5E UEI-yi ESOia. 

UEP?£^^ICp'^' Oi^FOl SA^^^^OilAi ^AF^*- U112J AieSB^^BJ OlMOilAjEJ Af#^^2J 2#eii^l^^M 

.iiiEs u^5^ol iAHf2fE£j i^iig°i ^'ejar.oioijy £)g^§ LfEFtf E^oll:^. 

III12ES EtSOl QS 2,^£bl2J ^EI5S0|$|:^|(HI 2JEf ^shM ^Eftf ESOICK 

HI13E^ m^0\ OE t^^^SW 2Jtt A|gLH¥2J §t^£J ^§0111 UEhtf ESOIQ. 

E^ofcT ^ '^^'^ 2Ah?ia§ ?Ahgf«F05 2{2i- 0\=un *^ OHM UEHi! 

flllBE^ S irS2l flll^AllfflSl »af:?SEOia. 

SII16ES B l-SSj fllE^AIOllSJ :iHaFqi«EOrQ. 

ii7E^ s gSHi iiis^Aioii 2ish lsI^ols2^ §§LHi?i§«hg ^^5^ol 7ll=t^ sajg uefs es 

«I18E= S a^S2J Ji||3^A|01|2J ;H5f^SE01Q. 
HM3E^ a ^►SSj 33144' Al Ml °J 7HSf:?gE0m. 
^II20E^ a ^►g5J 3ii|5^A|Dl|2J JHSf^SEOia. 
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fll22ES g ^►SSJ «I6^A|0I|2J S5A|g2| 3g|S^=SAI|>:2| gag UEHH= ESOID. 
M23S.t B 3ill66'AI01|2| iSAISSI fl|Sr=SAII>:2| Qg 01ll UEH-H^ SSOID. 

M2SS.^ B ^^Si «|74'AI0fl2J ^El^SllOlia 4^8 3A^2J hMSoIQ. 

«I26SS B SS2J ^74'A|01|2| ^EI5SI|0|tt|2J gXia^2J aA^21 SISOID. 

fll27ES LSDh S«a ^EI5?J|0liilM L^e>a SSOIQ. 

?;fl28£S Sasj ^EI5«flOlii)2| ;i3EWISS^2J 93:?2M UEKiJ SSOIQ. 

M29S.^ B ifSSJ «|84'A|0I12J 4' El 5 SB 01 El 2| >:aEfOIMS^2| BSqi^M UBS ESOICLK 

lifSfi 4'A|SP| SliiSI «EH1 

DISK ^'Aj 0)1 Oil 2JSII F MCh ^A||5l M^t^O. 

[.ll^AIWI) 





f di2 lv2^ lt^e^ t^rai s^xm siti oisifoi iaioii sseioii mti^u. s=ei^ Si 
axKHi mm p= iv/ me ^ndsm, p> o.aois ssoii. p ro.30pi lhA*^h^^=*T 

a 0I7IA1 LH¥ll.i-OIEf M^tf SAW! CHshOI OIS!"!! SiQ: £^<ifaAWISg :?t.Ch. 0I4M)I1°2JS||, EKg^J 
3gg2J aiOIEIM 2UEi(19)(HI lAISHI, iSIEI (20)011 ^^t-CK ^, OIISJ 3LH M52f a S 

eiiia &iy^A|-A|# Mi, LH^ll^SJ 3LH H SiO, Sh<i^£JACTM, ME|ri:l?j! SXhAIM 

i^fi^'if^r' 0IS2IAI LH^StfSJAIS My^tl STJSI SLH g52f 3 ^EI^ISS Sfd^aWXI 

gMiOiQ. £E, §so« t[^s^A^ on gasi sj-s^g :?sni a& sAimots sse si 




lv/lh= 2.0~3.0HS ^Stj-Q. S 4'A|(HI0IIA1^ iA|-i># SPa-os SI-°5<=L I- °°msi-ni?l-p: 

sa^^ sa^ 5Ahg^t?]iF amiMfQi oi^s zj-e:?^ ?\^ti 90E011 ^luhs 201Q. 

121 

lAigxiol ofga^ ^s^iB&'ej ofasffli ^Eis'ewijg'E-sjs^^ '^Tsfar' ' "' 

|X1l2^A|0fl) 

/'^iS.'fl^^ f AlOill ^SttCK Eh§ 1,064Am2J ^IdSSfS VAQ aiOI7f|#(22)e 1/4 





3011 CHSra 6^a^l^2J S:7|B!|Ei:7|- 4=212 ifgfi!-2fE(lv)2f g^t.^ i+S!-S-&E(lh)i ZfZ^ aitJCK^g' 
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01(43) S! ±:S!E1(44)S ^SIITEOII S gfSOfl 2JSKB SS.Woiia ^SLH^l^S mmtla 




lOfl 2|Sra SSSHM gQ. aiOliilJESS) ^0\t. EEH)lhH(47)g Mg§fCMlDW15lt7j(48) 




B ^'AIDllOil £101 AiE, JBt^AIOliei- &S aSPh gCHSQ. 
(fll3^A|01II 

Sln?iSo^^.^^^i ^.'"FM %,,^.^J5llf„.^,l?-'-p.t;>l^(57)^ ^ElESIIOIitiOlI!, 1064 nirEJ VA6 




'l^±<^SM(SiO.- ax^)0| c.^=^^■IISA^ ggSCI. i^•i>a^iJ|0| gt^0tlA1°l c^i^SK58)M a.i2(53)M Ah 
SSra 21.^§>il, 5fiiDld1(60)S SymO\, I-EKSI, 62)0)1 SjmOl uh§ 1064 nra S 532 nitfiJ ai 

S §-|tF|; S = E1(69)CHIA1 EEroim(70)g AhSSfOl XViQI0|Al(7l)l XV a^^og ^A^gAI 

2S^2J_^:^e^l^g^£ SKEhS 1064nin)]2h S2(m§ 532nm)l gSE1(69)0« m^tlO. S*^2J 2S 
□OlEIS I064nm2j Sllh SiO.Hi Ih§ 1064 ni>0ilA1°J I.45£h 18112! 1 

EI5(Si)2i ^mm 3.56(uh§ l064ninl})|A|2J 2f)# AhSSffi Mie <i^&0|g4!OII SJShCW SiO- Si+g 

as 532n«. SI l064nin(H|Ai2J &^:»| ^Xmm d2| SiO.SJ iha^E^SSISl dl o (BS^/o (1064)i^*'D 

|[?'^3Al?iL'^^^ "^'^^ '^^ DiEi ^Eissnoiiti s.'B^m ^xmmm disi °ii> 

2i=^#El^l^_25a»2|^S soil ojSKM §S§B SQ. 01 o (IG64). o (532), o(532)/o (1064)2^ 2 




Z= Cl(ln(S1)-ln(S2)+in(C2 o2/o l))-(^>i! 11) 

^o, Aisof Ah§sK)i SUM *i«H nm zfsi wui 2or*r*i zm ^si-oiVici- 

tl' 201 HUfilom-. OlSF <->._in.. -..^-L.-. . 
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(Xfl4^A!0«l 

^^£S A^§§^01 B ^AlOtll gSt^CK Eh§ 1064 nin£] YAG aOWS|-S(76) 3.KF§ 532 nm 

(79, 80, BD&ll EI^SISJESWI CHt.^ S&S^^^ 2gt^a. 0I## Sh50IE1(82)e MSmOt t.^ 

Sffl(9o|lf^Al^^cf*^^ #a(W)# S2fAia DIEKSa)! TaUAl !S5(«)S.50» SOi cz ^eis?ii 

01 ?IIO|IHS(HI StfEEIS i^4:4s!g#(SiG.^ aXI-)0| g^aCh. ll^OllAI^ i^^m(B7)m ?!!Z(89) 

1 A^g^FOt dF^Diei(90)S M7IShOj, §E1(9h 92, .93)0il 2\m0\ 1054 nni, 532 nu 

S u^g- 488 nnei ^d^-iltKlF. 01 §E1(91, 92, 93)011 Si^FOl M?\^ ^, <1^§M^(87)# 

(94, 95, 96)^ 2|2^2lf^F01, i^2a:?l(97, 98, 99)g 20dFOl g^(100, 101, 102)011 SJ^H^^tlQ. 
g ^Ei(l 03)011 A1 EEmiW (104)1 AF§i5F0t XY ^Eil01X|(105)M XY ^^t^S^ ^AFuhSAl, 3g^2J 
Aha^§^^^£ SKu^g 1064 nn)Ilf S2(irF'ir 532 nm)af S3(u^& 488 nm)! gSE1( 103)011 ^l^tl-Q. ^i*" Iti" 
2J 3g^2J aiGIEie lLf§ 1064nm^ ^2] <i^^Hf2^E S12F SiO.HJ 1064 rmOflAI^I 1.45M A^g 

5f01, Mie ci^i-Olg^Oii 2JUI01 It^SJ qit.CK OIEI >J-&01^0il 2\m0\ {^mt^^ i^shcfg^ <, 

£1- ^'AhXIl cfihH^ CHtaOl! SJ^FOl, ufS 532 nm SI 1 064nm01l A1 2J ^X[X\m d2J Si0.2J o2/o1S 
^tlQ. &g ^AlOll 2i5L HhS- 488 nm OilA121 o31 =?mJl. ^ 1*^011 CHo^Dj o3/oie 

^ttQ. ?:-ll3^'A|011SF ^01 ^101 S^X|g4^ CI, Cm m'Sn ^H, Ol COI- Cah 3e^2J Ahahn-g^^ silh 
S2af S32h 4 5£K o2/ol S.' o3/olM A^e^Ol S0I?|XIM 01 XIII ^ :^il 3^ AI Oil 2^ 

^01 S2/S12^£S soil 7oh^ S^MQ ^'01 3.5/cmaD g^OllAI SOI^^H^OI 0\mi 

^01 ^Foi 's%m mm R7m soi?ixie s^^hoi, n mim ci^eaioidoe) ^siEi(]07)oii ■ 

m^tlO. ?II0IE1S32J ^Dl^ iII0il5::t7:K108)M Olgtf AIM 371^(109)011 2]t[0\ OILH^ Xi\ 

01t.i-CK 01^^21 ^eOllAI ^'AHI-e ^Oi:?l ^l^hOl A^gefe CHdOll ^'eiEEI^gi!^! A^mt^n. 

Li^^m ^itt iM^m^i iwmi oiaiois^^iM a^s^^^oie ^ck Et.^ oi^^2j ^^mM t[Eu\ 

y(82)l k\^mO\ miT^^^m t^^WAI^I ^ ?!!ZS(85)M A[^t\0\ ?IOIia(86)0il SAho^^ [HdOll, 

^^^'•2J_aiO|7~dl># tl^A|?|A| Sr^H ^E2J Ay^mO\ AieOll ^AHerhOlE aCK S 4'A|0tl011A12j 

Xij32j uHa,^£^A1. 488 nm2J CHdOil L^^ BuhSei (flmCH 453 nni2J OI-s^OISaiOITilM A>§tH£ SCK 

B 4'AIWIOll 2^e^01 xm'AIDll2F a-s S012Q. 

[JiilS^AIOlll 

S1I20E2J AFe^fOI_^^>'AI011f ^S^^CK Kh^ 1064nm2J YAG EilOIZdH-^ (200) ^ Kf§ 532 nm 

.... ..... ^^^^ 

01 Ei 

. . 1(20 

4)iE3i}ll ^AFt^CK ^FED1EU205)01|A-1 QS^2J AO ^i71(^^^uF4^ : 

20MH2)(207. 208) ^' 7H^(209)e mt[D\ s^ilTS^ t.^CK A|g01IAi24 £^^^^m CHM^li^l AI-g^FOl S 
^=^1}. [H^^^(210)^ Slhy ^t^:2^^Ei2J ^l^^^i>2h ij-^lTM ^h=^£|g(212)2!- uhS<!!!^g ^E-1 
(312, 214)2F ^{ZS(2)5)f ^UfAI^I 2^::'Kp& 532nn^ l^SAI- f HH^K216), EFS" 1064 nn^ 5SQ0I 
^' ' " " ^A^ 





_ . . _ Oi 

Xl^ ^.mm EEFOIBI (223)21- ^EilOlAI EE^ Ibfl (224)011 2J§h01 7;ilDiaCK ?-llOlitiLH2i ^t^01IA12J AJ^h 
'^.^ ^Am m\ AI^^^H^ 1^:^^ aOl 2#ilCK ill-§<:!!l^ ^E1^ 532 nnej ^Oll^ 550 nm 01 
^^^2j ^^u^^^l M7\t[^ mE\(2Um MBtm. UFS- 1064 nirei ^OflS SFS 1064 rmSJ SHEIB^ §E1 

(213)M Ms^TFIl l^QK 

.1=*21 SE^ ^S2aSE2h ^ilEilSCfO] 2^SE2J Z7W7\ ^Xh2J §iIE11Mi:F°l SMEE^ 2DMHz 

2J ZK^blMl 2^71^ 2#oF01, EmmO ^^^••21 AOM EE|0|B1(232, 233)2i ^^y\{221)9} 2 

S:'^|2j 2!E^:?i(234)^ A1^ a^^OF 22h^K31 ^2! 2j>i:Ei![H(iock in »<tender)(225)(^2]^E(226)2| CH 
^1 aiMHzOI^^^^ ^^CH^^^ ^) ^ ^2.1 (226)^ m^mH, A/0 atflEK228)S PAia^fufOI OllEEl 
(229)011 U\mC^. 3 ^ 2^Ei(230)S S^tlCK ^g2#SE011 Ai^ ^t[Jl. gtt011A12J Ah 

^.^S-l ^'S 2^:?!^ 2et^Q. G| EEDllAi^ <^^Ei\\:^ (225) SI ^21 ?3E(226)# 2^5hAl S^H 
A/D ^yiE-|(228)^ ClAlimhOI, OilEEl (229)011 »4I2 H ^ 2^E1(230)01I ^l^^tl-. $llEil^Q2l 2a 
SE2F 3j22^SE2j a!2:2EI-:?I(231)S tSti-Q. 01 2^ 'S-^l^E 7:H1-B2J akoi =q|, oj-g ^j. 




disah 0101 S7:^7^IM v. s. 'i+&9s^2j ehoimoii 2isl sio. &<ysw7;is dm =?tiQ^^am 

OIL H SA^X1M d}flA121 IFS- 532nra01IA12i sm,2J A|-sreS^2^ 1064 nm 01I.A121 Si0..2J A^a^E^^^ 
ilF2j dl o ( 1064)/ o (532)1 ^Aj EilOIM(SX|-All V. S. m§ 1064 nnfiF EfS" 532 nn21 'A^^^E^^^)2J 
fi^S!o?ltSi stU'^ti.EI^eOll, 2i[fS2] A^^^1^^^2J D1I0IE121 H|l mU Gl E 
^AlOliai- ^0! DIEl ^o^Ol ^ S^Xlg^ C1I1F C21 201^1x|. Zl X1I21E011 [CIEhAl =?tlL[, ^ 

itfoil meioi soia §s^t^2j ?iioiiiiLH2i ^5(201^ ^5, gjAhxiia ss)^, hioi moiEi 

£^2! (235)1 mtm ElAilEjlOl Sl ^glEIS 2^£10i, JlAl g ge^SCK 
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(?;iI6^AI0jll 

1 tSt^Q. 01 S5A|g2| «!3r«^goj -^Lh2J oai MguhOl ^gt^CK FZg ^EI^ISS 

Ah:t>siaii 5tmf7:i Sr^7i UB soil, 01 i§s a5Aie7ie(3oo)£SAi Afg^h^ 201 m?ta. fz 

EMnBSl S5^*^a((a)). £M uBS°J Z^^S *;II^A|2J ggS^SJ as 201 bUr^shQ. 

oi2^> g^s^oii^ g^s^soii u\mw[ moi^ snm^ aoi aoi, 3:7i2j ssawsAi 

X! ei:?i uagoicK l:^so^l ^asej ee^^□^ msseim str^s-w, ^a^wi ?9(as ^ 

S)(302)g Sa((b)). 01 201^ 0.5/«nOID. ^7i:^E(3Q\)m aWI^^^I^JSKCVD «)0| 2J 

$11 «EI^S30fl ifast(303)# «&AI2!((c)) ^, 4^71 Sfl gE^^DH)ll§()^l 2\t\0\ BITIt^D. 3 Ufl, 
2S^9(3C2) 0I2I2J S&SOil ^BI5 ittl^^Ol SAIOO OflSe SgAI^ISEM SIS, 

3^^g(3Ci2)LH°J SiO,^ ITItlXl SfH a^CK(d).). °m :?^3t^£S-W, ^a(302)°J SOI 

1 SOI^ tlLl 3 SS&ii ^g^^S 0|-esia>r^EI5^^(304)g CVD SDil 2J;j| ^ 

^t.H:K((e)). ^^^JUl^ il^AI^^O|L^ §1^^E2J ^gOfl ^Iffl O.tAtnOllAI lOAnej e^is igt^Q. SSf 
CHI ^OIAI^. ^^S(}ilAi2| Igt^M ^loFOl, 550X Ol^h^l S£g tSo^^ 20| Hl-^ 

^mo. ^01 T^^if^FB ^s^s:?!- 7^ohi&F:?i uh^oil s^g::?i-^SAi^ six^a-csiH*) 

[H<i»()ll P^^KSi.H) Il7:h4'^h( SinH,(n+l), g4=)# A^gt^^^/^^ ^S-^SS] mm 2 
01 bUr^'mCK S£t.K Q[Q.^m±^B.\^'^ ^^^"-^^^Al^ CVD S O|£|0il ^IHEIll^m Al-g^l-^ 2 
E 7^^^H:K lEf^Dfg>^2!# Ol^t]- CVD 300XG|5h3J TH^OilA-iS 1^'-2J DVO ^21- ^ 

^ 014^ O^SS^^>::^£|^a»€|e ^^^^ ^^TK s ^AlOIKHlAi D[S.^m± 

^ei^l ^^t^ 2S OlohSj D|°(HI SItl-CK mm 19 OlIEI^S-Qtl ejEt ^'El^^^^l^ 

MMt} ^^m^, m^'0\ IgthElOi ^i:?! [IH^Oil mHOII ^^^^ SiO,^Ah:?|- ^ojGI ElOl ^^umiti) ■ 

101 2ii2> 711^21 stii:7F ei^ goi S7i uhsoiiik qeilk sio..s7:h7^ e 
2?(u ^#itrM sia a7:^2^ qig^w 711^%^ 4^ g^oii^, s^iu 5i#3t»oi sxii^raE 
nm\^ xis^oi an, oiiEi^-iiiassoii 21^.^ ^'Eie^'^'s m^%' 4^7^ siCK 01 s^oii^ sia axfej ^1 
CHI Bim^ ^'Ei^^^^^ej ^^'-g^^^h e^g^Ei2:?iE^^ s:i}ii y^'^'c^n oigoi s'q. e mum^ 

^t.^ ^'El^^^Sj- 0I2ICHIE. CVD ^Oil 2j3H Q^g^'EI^^'-^'-e M^%' ^E S^Q. E, 

^'^wm 0\^^^ eCHI ^^FOI ^^••M ^01, g^EI^^'-^^m dlgim^OlE siQF. D°^ ^M, SS^ 
£^ OlS^gJ 7F^22J-# nashS?, 01 ^^HOI 2= ^EjE^^5,»-0| l^gE 01 

3^2J 201 Sr^Q. 

^1I23ECHI S^AIS^ QE Sil^'-tWIM UEFyjQK ^i!!! FZ ^EI21g:?l5l' E^, -^OIE ^IJll l^rrOI^^^I Qi| 
III^'*I'^'SSH>1I ^t} ^Eie^*'^'-# 59^^011 ^^Al^i ^*El^lg:?IE»-(310)(HI aiA|^E(3ii)^ E5^hJQ 
((a)). SIT^hdH^hS^xICHI 21^11 E^jiiiEj (312)^ a^l'oK3l((b)), MEF^OhWI'S^CH! 2\n ^EI^CHI ^g^^ 
i!0l2| ^^(313)1 eCK(c)). BilAli^ep xilTltl ^ 0| ?|Oil ^]flj 50 rm Om^ ^E|^di-5h^^(3l4)l 
^'^t.^ ^EI594IOIItl(315)e ^^^((d)). E^ 37^ ^El^$II0IDtl(316)M ^#oh^ ^^^((e))(}il 

SU^hOI X-ll^^t>D. 01 ^^Sa ^39-178679U S^AI Appl . Phys. Lett. 19753 482j 

78iHI0IAICHI 7i:^BEIOI 2iQ. OI^TOII ^5h01, ^El^gOll H7i:?f ^'gt*- ^gOI S90IIA1 SOi:?h ^'g^^ ?l 
:^ll>il S^SQ. 01 Ail^^^^SOll 2jm9, ?;il22E(}ll UEHH^ SI0-2J a2Jlti-S CH^oH (317)01 LH^CHI 

OI^^SJ ^^Ail^OilAI, aiXI^EOii 3E|^ £EO| OiigSOlM HFg^g^ Xfl^}^!'^ 22J 

itr^j Ami^M Jdioiuni E*!- i^^'-Dn -^mi^ MEi^m^ ^mm u^g£SJW a°iit.»-2j ssouaiej 

^'01 ^1^11 XilOit.CK 

Iglt^l S-xIS B ^^gOil ^t.»- a^SJAhg Til^ol-Il, 3 ^tJ-AhOlZ^fih SOI^IxIM i^A|g 

■21 A[%^7m ^•'^E^ ^gt^£^^, Iglt.^ 7im§x|2J ingm t«t^Q. QE^. 221^1^01 S§(3g;IS|) 

[sii7^'Ami] 

s ^^g2J ^AlWI^j 7;il24£. ;^1I25E. X-il26El Mmo[0\ gS*CK S ahEjcl|X1l5EF2J(HIA12j 
g^'.^gShEIDil ^CHAI saigas M^V SiQ. 

im^m B M^t} slS^EI2J 2:ME1 UEhHjClK B ^"SCHiejt^ SA^g-xjCHIAI^ Hlul- 

J\ UIS^^ 2APF 7^^^h7l UHSQii ^^5JISAh O^LIEh S^^^SAhE I^h^ol-LK Et^, SAhg^^ SjjOl 

a SAhe^^ 201 d^i^3|3l•xl°^ SA^Al^^# e^spi ?l5^ol 94101111^^21 m^t} g^e»-# ^g§F 

DIE =JQ. SAFCHI 2jeh01 SSOIMSh LH^lt,»'2J 2|Z|0| CH^ 7IE«2i g^lM aOlU ^'•^f 
CHI CHoFOl cm CH^OI ^S^fTil SCK 5901^01 i^lSxIMQ STS 3^01^ Oieg-^aSIM ^AI-^KM 
Oiesj ^^ae ;g2-AI?|^ 20! IfimCK LH^lt^Oil CHSKJl^ 7I57:|S| ^OIU 2^(HI^ 

94IOIit|2J AF^^M XBS:?F5m, E^ §73EI§g2| SQ. 

4:^'2AhA|2J H#Ee ?;-ll25ECHI UEj-yjQf. iSOIMOj ii^n^o Sr^S Oie^^^^°]01 ?IIO|iy Dll 
OI^CHI Sil :7F^^0I ^71 UBgCHI $JIO|it| I}iiOI^?||0|iH2| § CH*ii# 2|S|t.K:F. LH¥^t>2| gE 

oil CHo^0IE ^lexIQilAI "lOiU lt^^-452l°IOI SliOlit! DIIOI^IOll SIM y^^Ol UBSOil 

94101111 D1I0I?1(HI ?4IOIiH2j ^ CH^# 2|£lt^a-. 01!=: S^OilE S^0IM1^ LH^ltTs ^^5h01 

Tii^tfss^ giraeioi 'smm epi [ibsoii 94ioiia m\9\^ a^m aa. a^Ex^lsl2 
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OlS SSOfl M^sSfAKlSSISS^I ^21 SAfBl fl|26E(}« QEFtfCK M^#^^ 

2J SGI (^.bm GILH)Oil It^GI ^rJq-MlfOI 4S:?I~ ^e]01 Sa. It^SM^ Sjgti- l^ClEIOil 21 

m'Lm ±mmy\ lx^Ele ^hoi efsjss a#a xasah tstKif. xhsm^j isf, it^oi Srt^ioi 

[XilS^AIOti] 

^i!27E LHXI im^m B ^'AIWIS ^^m\ ^gt^O-. XHZV^Oil EAI^^^ HFSf g-OL LSI 50t^ 

S^^ Si-EJ^PIEMBOO^^Oll DHM^^S?>^£^^^£iCK OIS LSI2J Ami2J 5022h 50;S, LSI STS^ 

:'HPH2j Lsis ?igkh^ s^(^3EhoiMs^)oiQ. oiM g^oii^ LSI m^m. ^ymj\ ^\ 

01 El 7m ±x[ um E.\±iimmM^ iBSoi sseioi s^q. xiizssoii EAi§h^ H^2^ 

GIM ^X^2j AhOIOil^ a^lSjog §3§h7| $|Sh01, ^IHS ^^tl-°^(5IO)(S^•• gEA^5^5|0IEI■Il 

¥Ei:K)Or^^£|0| 2iCK 012011 bl^FOI, S ^^SQIIAI^ DRAMOl ^«EIS e.^Ej||7l3e| :i:3EmiMS^ 
2i '^OiE §¥011 DRAM2I SSfjif ;?5(7J»29E)M ^SS^Q. SS#(SSS)(512), srAh#(513)> 
#'^2^ (514), ?1illA|E1gS5r(515). MM0IMa^(516), #i^§3HK511)0|D. OIlS ^^3^(51 
4)2^ iaiO|ES^(5l6)2| aiS o\bi 30IU ag§^EI50ICK Gia^ a-S qi^g tHo^A^ >iHEfOlM 
g^0ilAi2J o^Ex■il7l5^S0^|^ ORAJ.ej 4=(gEM5)3 It^OI agSQ. 

y\ mm M^t[^ '^^^ sswiai, ^•-^i ^hewih sE^ipiEHHOii ^xm[^ is^t^s m\ 

^•AIMIOil 7|XH5:i l§lt^71l^5,^xlS 5j^^^| 7l|^t^a. 3 (III, ^OiE ^EI57IB(500)2J 53(y|5|0| ^ 
gEH31 g^Oil^ 4'EIE7IEHf ^^°|0I S§H1 7113)01IAi SOI 2«S 530|g]I^ 

mtm Twmrnii, nmim Hi-ir^^ soi Um oilh^j g^cHi ^xH^h^ii^ej ^'Eg ^tm. ^^Ei^i^e 
^imn "sx- ^^m^ am oH^chi mm ^?im ^go^oi CH-^m ?>^7t^cK Ett a30i 

1*£J 2jA^Ale2^ 3LH ^EM51 ^t[Jl. EhEPISM ^SH^j-II □^£^7^A|S 530IM# MOI 

E^ cH^i i>^^*tQ. 0151011 2j^H. Lsi^Ai 2^^5h7i soii s^ijsj ^^01 7i-^m:>ii EiDi, 2Jtt 

^^^H^-^# X-IS-^- 4^ SiQ. Eti", H^Oil CHtJ- kT^IXIS ^Xil^h ^^^^^ 7^3^E ^OiSQ. E, B 

^^swi 7i#s 711^^ bUEnioin, s£tt ^simyiBm ^s^fe ^e a^i uji^oil ^s^t^ ?ii^ 

QAI MELSSS.^ ElMa LSlSAi g-^Aia 4^ 2i7| [IHSOil !^|7F SCK 

B ^AjOIIOIl^ 0\tm as o|g£ oiQ^ oR^M SiOlAlE, LSI Eil::b:Ei ^S^l-H Ezi" bliy- 

§^:S:|Oil a^OhE EI=EO^I ^^^^•"i^^j %^ 4 oiq^ ^-|^ qh£^:^^ ?;iliS§2j B^0\\ 

2ji5H DRAM£^A1 gfe'Sg S^OflE, EI = ai^l^if2J ^^^^^U^ Sh^TM V ^ SiQ. E, 

^ '^'AlOIIOll SiOlAI- >b3EmiHS^0i|A1 MaiOlM 2^ 0I^2J ggOilAI S^£l^ HH2#S i^OmH 
'5I£:LK Ol^ig, HH^:!l#l ^55^^ E^ H t^tMOi ^211^1 ^2hA|5'|7] ^71 OHgOfl, ^^71 IS 
Iti 711^^^x11 Amo[0\ a^EXfl7IE^LH2J S^^' tOIOll §^B7^ EPI tlHSOID. tlS, Qgg 

^EIEOII SiOIAI^, a ^A|0II2^ SOI E3«# g7| ?|§|01 H^ES E1EI01 KOiE I1-^)JI|2| %^7\\y[ 
!.«m§E Ol^h2J g°Oil^ 5^21^01 IKSQil, e^Ex-l!7IBLH2| a*j-# 201 7tet^D. 

E.. ^HEhOl^g^ Olil^ 01'^, OlI^CH 2l^bH<:!!°i#g 2^(BSSIIE)0I ^-SEI^ S^Ol! ^'•^I St.^^ 
^^tt S^OilE, HH<:!!#0l ^'^£1^ ^SDI-XI^, ^2I1^# A^gt^ ISltT Ttl^SxIS ^^E^cll^lS 

LH2i -^1^1 201 7l-^t^cl■; DF^r^ws ati-^ss^hgo^ s^ei^ ^xh A^§§^ol s^exii . 

7li^LH•^ ^^m[^ 2E ^h^SI-Q. 

^^'7ltJ- 2nF.^^ Stl^i^l ^7^1^ m^B^XI Sr^H, ^fiOII [DEf Sti-QI ^^ElOl 5iAI Sr^^ S^OIIAI 
^'EI^7l5nH01l m-^^ Tll^^h^ 2E ^s^fGK ^51, ^Eie7IE^LH¥01IA12J Ah-i^oj Aj^^ 

# H ^EieiS2J ojA»-^2j S Xil^ggO||Ai2J ^XlEI^ZjOil u»gA|^l3, i^g2J 7il 

E11!3^1 XllOl^h^aiOil ?JiQ\M ^s^D. ^x-jEliZjOil "^SM A|7I^ ^^S£SAi^, ^^M2J ^*E7lr 
5hEi:?IESD S^Oil^ ^xlEIM ^7F^h71U Qh^ .0!^2J ^x-IEie UStF E^ SAj^H^tlD 
^Al %^^Q\ 2iD. tisi^goi gE7h SEI^ISMQF Sr'S S^OiJ^ ZL "HIH^ §1-3 ^^Q. 

^ ^AlOll^ 0RAf4 GIAIS^, =ai^^| DilHEl #2J ffllSEI LSL SI GhOl^gBSAIIAlU ^§gEg2J 
LSIOil LmO\ B ^'SOI Sst.^ 2g SST SfiE KCK E eaAs-ta-l- o^EfliaiOIT^i g2J ^EI5 0I2I2J 
atEx-ilSxIOil CH^^Ot B S^SS ^.S^hCK 

1 

Ai^oii ?Lkm^ mm oiis¥Ei2i 7;-iiiAhHMr>3Sh ^t]-£S¥Ei2j m t^^^^ Ami2i %mm oi 

A|g2| 53^^ ^••^l 0IM2J S A|gLH2J gt.^2J ?|x|g ^K\^^2.^ 
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